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(S4) Heat treatable low-E coated articles and methods of making same 



(57) A heat treatable coaled article (e.g.. vehicle 
windshield, IG unit etc) is provided with a dual-silver 
low-E coaling Before and/or after heal treaimeni (HT) 
the coaling and/or coated article has a visible transmit- 
lance ot at least 70%, more preferably at least 7S%. 
Moreover, the coating and/or coated article is designed 
60 as to have approximately ths same color when 
viewed over a wide range of viewing angles. In certain 
embodiments, at leasi one contact layer (a g ,ot or in- 
cluding NiCrOJ that contacts an infrared (IR) reflecting 
layer (e g., Ag) is oxidation graded so that it progres- 
sively becomes less oxidized through its thickness 86 it 
nears the IR reflecting layer. In stiii other embodlnr^ems, 
a Si-rich silicon nitride iayer{s) maybe utilized to reduce 
haze. 
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Description 

[0001] This invention relates to heat treatable (jow-E) coated arrjcies. and methods of making the same. Such coated 
anicies may bG used m (he context or vehicle windshields insulating glass (IG) units, and other suitable appiicarions 

•5 

BACKGROUND OF THE INVENTION 

[0002) Layer coatings provided for solar managemeni purposes are known m the art, Such coatings ofren seek to 
reflect intrared (IR) radiation while at the same time enabling a high amount of visible light iransmittance in the auio- 
'0 mobile Industry for example, vehicle windshields often must have a visible light iransminance of at least 70% m the 
United States, and al least 75% m Europe, oven when laminated with a polyvinyl buiyral (PVB) layer provided between 
opposing glass substrates. This need for high visiblo transmiTTance ofTen conflicts with the need for good IR reflection, 
and it IS difficult lo obtain both simultaneously. Making low-E coating designs more difficult is the need for a mechanically 
and/or chdmically durable coating, as well as the need for a coating with low visible reflectance (glass side) that does 
not suffer radical color change when viewed at different viewing angles it is also desirable for such coatings to be heat 
treatable, SO that they may be used in vehicle windshields where heat bending is required tempered 13 units, and the 
like 

[0003] U. S. Patent No. 5.58.902 (commonly owned herewith) discloses a low-E coating system including, from the 
glass substrate outward, a stack of Si3NVNiCr/Ag/NiCr/Si3N4. Unfonunarely. while This coating is heat treatable and 
so iow*£ in nature^ it is characterized by rather high emissiviiy and/or sheet resieiance values which lead to rather low 
Rsoixr (total solar energy reflectance) values around 22*24 % For example one coating reported in the '902 patent 
had a sheet resistance (Ra) of 14.4 ohms/square and a normal emisslviiy (E„) of 0 15 before heal treatment; and a R, 
of 10.5 ohms/square and a E„ of 0,11 after heat treatment. 

[0004] u. S Patent No. 5,557.462 (commonly owned herewith) discloses a dual silver low-E coating Including from 

55 the glass outwardly a stack of: 

Si3N4/NiCr/Ag/NiCr/Si3N4/NiCr/Ag/NICr/Sl3N4 The coating .system of the '462 patent is charactenzed by good emls- 
sivity values and good R^,j, values. Unfortunately the coaling systems descnbed In the '462 patent are not heat 
treatable (e.g., upon heat treatment Rg goes way up. such as from about 3-5 to well over 10, and haze tends to set 
■In) . Because the coatings described m the '452 patent aro not hear treatable, as a practical manor thoy cannot be used 

30 in applications such as vehicle windshields (where heat bending is required) or other appiicarions requiring heat treat- 
ment (HT) such as tempering, fieat Strengthening or bending 

[0005] Certain other dual-silver coatings are described in the background section of the aforesaid provisional appii* 
cation See alsoU. S. Patent No. 6,060.178. Unfortunaieiy. these coating systems are plagued by poor durabiiiiy before 
and/or after heat treatment. 

35 

SUMMARY OF THE INVENTION 

[0006] An object of cenain exemplary embodiments of this Invention is to provide a heal treatable low-.E coating (or 
layer system) which is mechanically and/or chemically durable before and after heat treatment, the coating system 
«*o having a visible transmittance of at loasi about 70%. 

[0007) Another object of certain exemplary embodiments of this invention is to provide a dual silver low-E coating 
which is heat treatable and is mechanically and chemically durable. 

[0006] Another object of certain exemplary embodiments of this invention Is to provide a duausiiver low-E coating 
including at least one oxidation graded contact layer which contacts an IR reflecting layer, where the degree of oxidation 
<5 in the contact layer is graded or changes throughout the Thickness of the layer. Graded contact layer(s) can help enable 
the coating to have high visible transmittance coupled with heat treatability 

[0009] Another object of certain exemplary embodiments o( this invention is to provide a coating including a Ni or 
NiCr inclusive contact layer(s) (e g., NiCrO^ layer) which is oxidation graded in thickness so that one ponion of the 
layer is more oxidized than another portion of the layer. Again, it is believed that graded contact layer(s) can help 
so enable the coating to have high visible transmittance coupled with heat treatability 

[001 0] Another object of certain exemplary embodiments of this invention is to utilize a silicon nlinde layer In a layer 
stack in order to reduce haze experienced upon heat treatment This silicon nitride layer may be Si-nch in cenain 
embodiments 

[0011] Another object of certain exemplary embodiments of this invention is to provide a heat treatable dual-silver 
coating/iayer system designed to a) be mechanically durable, b) have a visible transmittance of at least about 70%. 
more preferably of at least about 75%, end c) have a R,^,,^ value Of at least about 26%. more preferably of at least 
about 28%, and most preferably of at least about 29% 

[0O12] Another ob/eci of certain exemplary embodiments of this Invention Is to provide a coating according to one 
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Of more of Ihe above-llsled objeas which may be used in the contoxt of an IG window unit and/or a vehicle windshield 
[0013] Another obiect ot cenain exemplary embodiments oT this Invention is (o provide a heat tr "datable low-E coating 
having high visible transmiltance combined with a normal emissivity (£„) of no greater than 0 08 (more preferably no 
greater than 0.06) before neat treatment and/or an of no greater than 0 07 (more preferaoiy no greater than 0 05) 

5 after heat ireaimeni (HT). 

10014] Anocher object of cenain exemplary emt}odimenls of this invention is 10 provide a neal treatable low-E coating 
having high visible transmiltance combined with a sheet resistance (Rg) of no greater than 1 0.0 ohms/sq (more pref- 
erably no greater than 6 0 ohms/sq , and most preferably no greater than about 5 0 ohms/sq.) before heat treatment, 
and/or a of no greater than 8 0 ohms/sq. (more preferably no greater than 6 0 ohms/sq . and most preferably no 

'0 greater than about 4.0 ohms/sq.) after heat treatment. 

[0015] Another object of csnain oxemplary embodiments of this invention Is to provide e hoat treatable low-E coating 
which IS charactenied by substantial reflective color stability with shifts in viowing angle (Va) For example, in certain 
exemplary embodiments coatod articles of this invention may experience a glass sido reflective color coordinate a* 
shift (i.e.. ^&*) of no more than 4,0. more preferably no more than 3 0. and most preferably no more than 2.0. given a 

IS VA shift of about 60 degrees 

[0016] Another object of certain exemplary embodiments of this Invention is to provide a heat treatable low-E dual 
silver coating with a glass side reflective color coordinate a* value within the range of from -2 0 to 2 0 before and/or 
after a 60 degree VA shift from normal, so as to minimize or reduce color change detectable by the human naked eye. 
[0017] Another object of certain exemplary embodiments of this invention is to provide a heat treatable low-E dual 

20 silver coaling having a haze value after heat treatment of no greater than 0 40. more preferably no greater than 0 30 
(monolithic and/or in the context of a laminate such as a windshield). 

[0018] Another object of cenain exemplary embodiments of this invention is to provide a heat treated laminated 
emcle having a dual silver low-E coating, with a glass side visible reflectance (R^Y) (HI. C. 2 degree) of no greater than 
11%. more preferably no greater than about 9.0%, and most preferably no greater than B.5% 
25 [0019] Another object of this invention is to fulfill one or more of the above-listed objects 

[0020] Generally speaking, certain example embodiments of this invention fulfill one or more of the above-Usted 
objects by providing a coated article including a coating supported by a glass substrate, the coating comprising: 

an infrared (IR) reflecting layer contacbng and sandwiched between first and second layers, said second layer 
30 comprising IvJiCrO,^: and 

wherein at least said second layer compnsmg NiCrO^ is oxidation graded so that a first portion of said second 
layer close to said infrared (IR) reflecting layer is less oxidized man a second portion of said sQcond layer that is furrher 
from said Infrared (IR) reflecting layer 
35 [0021] Certain other example embodiments ot this invention fuiriii one or more of the cUsove-listed objects or needs 
by providing a coated article including a coating supported by a substrate, the coating comprising 

a metallic Infrared (IR) reflecting layer contacting and sandwiched between first and second contact layers, and 

40 wherein said second contact layer is oxidation graded and bocomos progressively more oxidized through its 

thickness proceeding fuaher from said infrared (IR) reflecting layer 

[0022] Certain other example embodiments of this invention fulfill one or more of the above-listed needs or objects 

by providing a coated article comprismg- 

-^5 a coating provided on a glass substrate, said coating compnsmg from the glass substrate outwardly: 

a) at least one dielectric layer. 

b) a first contact layer that is at least partially oxidized, 

c) a first IR reflecting layer comprising Ag; 

$0 d) a second contact layer that is at least partially oxidized, said first IR reflecting layer contacting each of said 

first and second contact layers; 

e) at least one additional dielectric layer. 

f) a third contact layer that is at least panially oxidized; 

g) a second IR reflecting layer comprising Ag; 

55 h) a fourth contact layer that is at least partially oxidized, said second IR reflecting layer contacting each of 

said third and fourth contact layers 
I) at least one additional dielectric layer; 



3 



May 15 2007 4:46 

DIE. 15.MAI. 2007 09:54 Bardehle Office MUC FAX Nr. :+49"89 92805444 S. 068/124 



EP 1 238 950 A2 

wherein afier being heat treaied (HI) and laminated said coated anicle has a visiijie transmittance of at least 
about 70%. a Tgoiar no greater than about 50%. an Rgo,ar of at least 26%, and a shQet resistance (RJ of no greater 
than 6.0 ohms/sq, and 

Wherein at least two of said first, second, third ano fourth contact layers compnse at least Nt or a Ni alloy 
5 [0023] Certain other exannple embodinr^enis of this tnvennon fulfill one or nnore or the above listed needs or objects 
by providing a coatad an»cle comprising: 

a coating provided on a glass substrate, sard coating connpnsing from the glass substrate outwardly 

'0 a) at least one dielectric layer comprising silicon nitride. 

b) a first contact layer comprising Ni or a Ni alloy at least partially oxidized; 

c) a lirsi IR rericcting layer comprising Ag; 

d) a second contact layer comprising Ni or a Ni alloy at least partially oxidi2ed. 

e) at least one additional dielectric layer, 

t) a third contact layer comprising Nl or a Ni alloy at least partially oxidized, 

g) a second IR reflecimg layer comprising Ag; 

h) a fourth contact layer comprising Mi or a Ni alloy at least partially oxidized. 
I) ai least one additional dielectric layer; 

20 Wherein after being heat treated (HT) said coated article has a visible transmittance of at least 70%, a T^^t^r no 

greater than 50%. an R^oiar of 3^ 26%. and a sheet resistance (R,) of no greater than 8 0 ohms/sq 
[0024] Certain other example embodiments of this invention fulfill one of more of the above-listed needs or objects 
by providing a method of spunering an oxidation graded layer, the method comprising: 

providing a substrate; 

providing a sputtering apparatus including at least one target. 

directing a first gas portion proximate a first side of the target and a second gas portion proximate a second side 
of the target, the first gas portion including more oxygen than the secor^d gas portion so that as the substrate 
passes below the target an oxidation graded layer Is formed on an I R reflecting layer, the oxidation graded layer 
30 being more oxidized at one ponion thereof than at another portion thereof. 

[0025] Certain other embodiments of this invention fulfill one or more of the above listed objects by providing a coated 
aalcie comprising. 

^5 a layer system supported by a glass sudsirate. the layer syslem comprising from the substrate outwardly 

a Si-rich slllcori nitride Si,Ny layer where x/y is from 0.76 to 1 .5 in at least pari of the layer 
a first contact layer; and 
an IR reflecting layer. 

-iO 

[0026] In different embodiments of this invontion, part of all of Si-nch silicon nitride layers may be Si-rich 

[0G27] This invention will now be described with respect to certain example embodiments thereof as illustrated in 

the following drawings, wherein: 

45 IN THE DRAWINGS 

[0028] 

Figure 1 is a side cross sectional vtew of a coated article according to an embodiment of this invention. 

SO Figure 2 is a schematic partial cross sectional view of a laminated vehicle windshield according to an embodiment 

of this invention, in which coatings according to any embodiment of this mvgntion may be used 
Figure 3(fl) Is cross sectional view of a portion of a coating according to an embodiment of this invention illustrating 
a pair of oxidation graded contact layers (e.g . NiCrO^ layers) surrounding an IR reflecting layer (e g.. Ag). 
Figure 3(b) is cress sectional view of a portion of a coating according to another embodiment of this invention 

55 illustrating an IR raflecling layer (e g . Ag) surrounded by a pair of contact layers (e g . NiCrO^^ layers), only one 

of which IS oxidation graded 

Figure 4 is a schematic and partial cross sectional view illustrating how a graded contact layer (e g , NiCrO^ layer) 
is deposited via spultenng in accordance with an embodiment of this invention 
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Figure 5 16 a cross sectional view of (he layer slack o( coarings of Examples 1 -3 

Figure 6 is a cross sectional view of a coaled article according to another embodiment of this invention. 

DETAILED DESCRIPTION OF CERTAIN EXEMPLARY EMSODIMENTS OF THE INVENTION 

5 

[0029] Referring now more particularly to the accompanying drawings in which like reference nunnerals indicate like 
pares or layers throughout ih9 several views 

[0030] Certain embodiments of this invention prcvide a low-E coating or layer system that may be used m applications 
such as vehicle windshields, other vehicle wrndows. skylighis^ glass doors IG units and the like Coatir^gs according 
fo to certain embodimencs of this invention preferably have low-E characteriatica as well as high visible transmittance. 
and are heat treatable Preferably coatings of conain ombodimcnifi heroin are niochaniceily durable before and/or 
aftor hoat treatment (HT), and HT does not cause a significant jump m sheet resistance (R^) and/or haze As is known 
in the an. such HT o^ien necessitates heating tho coated substrate to temperaturas of from 1100''F (5B3*C) to laSO'F 
(788*'C) for a sufficient period of ilrne to attain the desired result (e g., tempering, bending and/or heat strengthenirig). 

>5 [0031] Figure 1 is a sidQ croES sectional view of a coated anfcle according lo en embodiment of rhis invention The 
coated article Includes substrate 1 {e.g., clear green, bronze or blue-green glass substrare from about 1.0 to 10.0 mm 
thick more preferably from about 1 .8 mm ic 4 mm thick), first dielectric anli-reflection layer 3, second dielectric haze- 
reducing layer 5, first lower contact layer 7 (which contacts layer 9). first conductive metallic infrared (IR) reflecting 
layer 9 Tirst upper contact layer 11 (which contacts layer 9). third dielectric layer 13 (which may be deposited in one 

20 or multiple steps in different embodiments ot this invention), founh dielectric layer 15, second lower contact layer 1 7 
(which contacts layer 19). second conductive metallic IR reflecting layer 19. second upper contact layer 21 (which 
contacts layer 19). fifth dielectric layer 23, and finally sixth protective dielectric layer 25. The "contact" layers each 
contact ai least one IR reflecting layer. The aforesaid layers 3-25 make up heat treatable low-E (i.e., low emissivity) 
coaling 27 which le provided on glass or plastic substrate 1 . 

25 [0032] In certain embodiments of this invention, first dielectric layer 3 may be of or include titanium dioxide (TiO^ 
where rc is from 1 .7 to 2 3, most preferably 2.0), silicon nitride (SI^Ny where x/y may be about 0.75 ().e , SijN^), or 
alternatively x/y may be from about 0 76 to 1 .5 in Si-nch embodiments), silicon dioxide (SiO, where t is from 1 7 to 
2.3, most preferably about 2.0). niobium oxide (e g , NIbjOj). Si^rlM. tin oxide zinc oxide, silicon oxynitnde. or any other 
suitable dielectric matenai First dielectric layer 3 functions as an antireflectlon layer in certain embodiments of this 

30 invention. 

[0033] Second dielectric layer 5 may function to reduce haze in certain ombodinients of this invention, and is pref- 
erably of or Includes silicon nitride (e g.. S13N4. or alternatively siilcon-rlch silicon nitride Si^Ny where x/y Is from 0.76 
to 1.5, more preferably rrom 0 85 to 1 2). When spunering silicon nitride fayer(s) herein, a SI target may tDe used, or 
alternative a target including SI admixed with up to 3-207o by weight aluminum and/or stainless steel (e.g. SS#3i6) 
3s may be used, with about this amount of aiunnlnum and/or steel then appearing in the layer(s) so fofmed. Other materials 
may also be used tor haze reducing layer 5, including but not limited to SiZrN. 

[0034] While SI3N4 may be used for layer 5 (and/or layer 1 5) in canain ombodiments, it has been found thai a silicon 
nch type of silicon niinde as layer 5 Is better at reducing haze and/or improving mechanical durability in certain em- 
bodimenla of this invention Absent this layer 5 (and/or 15). haze lends 10 be at least 0.45, whereas with this layer(s) 

^0 it is roduced to no greater than 0 4 as discussed herein in Si<rich silicon nitride embodiments, layer 5 (and/or layer 
IS) is of or includes S\N^ where x/y is from 0.76 to 1 .5. more preferably from about 0.B5 to 1 2. S13N4 has an index of 
refraction "n" of about 2.04. and an extinction coefficient "k" of about 0 However, Sl-nch silicon nitride according to 
certain embodiments of this invention may have an Index of refraction of at least about 2.05. more preferably of at least 
about 2 07, and may be 2 08 (at 632 nm) in exemplary embodiments Also. Si-rich silicon nitride according to certain 

'ts embodiments of this invention may have an extinction coefficient "k" of at least about 0 001 . and more preferaoly of at 
leaet about 0 003. in a first monolithic example after HT of a Si-rich nitride layer 5 (and/or 1 5). "n" was 2.099 and "k" 
was 0 0034: while in a second monolithic example after HT "n" was 2 1 5B and "k" was 0.014. Si-nch silicon nithde. in 
addition to being better at reducing haze than S13N4. has also been found to adhere better to the titanium oxide of layer 
3 in example embodiments Surpnsmgiy. it has also been found that Si-rlch silicon nitride under the NlCrO^ and Ag 

so layers in Figs. 1. 5 and 6 provides a lower sheer resistance (R^). 

[0035] Infrared (IR) reflecting layers 9 and 1 9 are preferably metallic and conductive and may be made of or include 
silver (Ag), gold, or any other suitable IR reflecting matenai. However, metallic Ag is the maienal of choice tor the IR 
reflecting layers 9 and 19 in cenain example embodiments of lh(s invention. These IR reflecting layers help enable 
coating 27 to have low-E characteristics 

55 [0036] Contact layers 7. 11, 17. and 21 are of or include nickel (Ni) oxide, or a nickel alloy oxide such as nickel 
chrome oxide (NiCrO^), in preferred embodiments of this invention NiCrO, layers 7. 11. 17. and/or 21 may be fully 
oxidized m certain embodiments ot this invention (1 e , fully slochiomeirlc). or may be at least about 75''/o oxidized in 
other embodiments of this invention vVhile NiCrO^ is a preferred matenai for layers 7, 1 1 , 1 7 and/or 21 , those skilled 
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in the an will recognized rhai other materials may Instead be used (e.g . oxides of Nl. oxides of Nl alloys, oxides of Or. 
oxides of Cr alloys. NiCrOgNy, or any oiher suitable material) for org or more of these layers. It is noted that contact 
layers 7, 11, 1 7 and/or 21 may or may not be coniinuous in different embodiments of tnis invention. 
[0037] When layers 7, u 1 7 and/or 21 compnse NiCrO^ in cenain embodlmenis. the N\ and Cr may be provided in 
5 different amounts, such as In tne form of mchrome by weight aboui 80-90% Mi and 1 0-2C% Cr An exemplary spuitenng 
largel for depositing these layers includes not only SS-31 S wMich consists essentially of 1 0% Ni and go% other ingre- 
dients mainly Fe and Or. but Haynes 214 alloy as well which by weight consisis essentially of (as a nominal compo- 
sition) The following matenals twhich may also show up in these layers. 



Element 


Weight % 


Nl 


75.45 


Fe 


4 00 


•Or 


16 00 


C 


.04 


Al 


4 50 


Y 


01 



[0038) One or more of contact layers 7 11,17. ancj/or 21 (e.g , of or Including NiCrO^) la/are preferably oxidation 
graded in ceriain embodiments of rhis invention so that the degree of oxidation m the layer{6) changes throughout the 
thickness of the layer(s). For example, one or more of contact layers (7. 1 1 17 and/or 21 ) may be graded so as to be 
less oxidized at the contact interface with the immediately adjacent IR roflecting layer (0 or 1 g) than at a portion of the 
concacr layer(s) further or more/most distant from the immediately adjacent IR reflecting layer ft is believed that oxi- 
dation grading of one or more of contact layer(s) 7. ii 17 and/or 21 enables the low-E coating 27 to achieve the 
combination of heat treatability and high visible transmission (which was not previously achievable using NiCrO^ contact 
layers in a dual silver low-H coating system- e.g.. see the aforesaid '462 patent). This will be explained m more detail 
below with reference to Figs 3(a) and 3(b) 

[00391 Turning back to Figure 1 . third dielectric layer 1 3 acts as a coupling layer between the two halves of the coating 
27, and is of or includes tin oxide in certain embodiments of this invention. Howovor. other dielecinc materials may 
instead be used for layer 1 3. including but not limited to silicon nitride, titanium dioxide, niobium oxide, silicon oxynitride, 
einc oxide, or the like, Fourth dielectric layer 1 5 functions as a haze reducer in certain embodiments of this Invention, 
and Is preferably of or includes silicon nitride [e.g.. SigN^,. or alternatively silicon-rich silicon nitride discussed above). 
However, in alternative embodiments of this invention, other materials (e.g., SiZrN) may instead be used for dielectric 
layer 15 

[004O1 Fiftti dielectric layer 23 may be of or include tin oxide in certain embodiments or this invention. However, other 
dielectric materials may Instead be used for layer 23. including but not limlled to silicon nitride titanium dioxide, niobium 
oxide, silicon oxynitride, zinc oxide. or the like. Protective overcoat dielectric layer 25 is provided at least lor durability 
purposes, and may be of or include silicon nitride (e.g., S13N4) in certain embodiments of this invention. However, other 
dielearic materials may instead be used for layer 25, including but not limited to titanium dioxide, silicon oxynitride. tin 
oxide, zinc oxide, niobium oxide. SiZrN. or the like. 

[0041] Other layer(s) below or above the tilustraieci coaitng 27 may also be provided. Thus, while the layer s/stem 
or coaling 27 is "on" or "supponed by" substrate 1 (directly or Indirectly), other layer(s) may be provided therebetween. 
Thus, for example, coating 27 of Fig. 1 may be considered "on" and "supported by" trie substrate 1 even if otner layer 
(s) are provided between layer 3 and substrate 1 Moreover certain layers of coating 27 may be removed in certain 
embodiments, while others may be added in other embodiments of this invention without departing from the overall 
spirit of certain embodiments of this invention, 

[0042] Figures illustrates a laminate (e.g.. vehicle windshield) according to an embodiment of this invention including 
coating 27 of Fig 1 As shown In Fig. 2. the laminate (e g . windshield) includes first glass substrate 1 on which coating 
27 Is provided, and second glass substrate 31 PVB iayer 33 is provided between the substrates in a known manner, 
so as to contact coaling 27 on one side thereof in the Fig. embodiment, coaling 27 is provided at/on the second (or 
«2) surface 37 of the laminate, The first surface 35 is at the exterior of the laminaie exposed to the outside of the 
vehicle, second surface 37 is on the interior or Inside of outer substrata 1 , third surface 39 's on the iriside of the intenor 
substrate 31 , and fourth surface 41 is at the interior of The vehicle Coatings 27 herein are preferably provided on either 
the secona 37 or third 39 surtace(s) of such laminates (the same is also tnje with regard to IG units) 
[0043] Turning back to Fig. 1. while vanous thicknesses may be used consistent with one or more of the objects 
discussed herein, exemplary preferred thicknesses and example materials for the respective layers on the glass sub- 
strate 1 in the Fig. 1 embodiment are as follows: 
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Table 1 



(Eicample Materials/Thicknesses, Fig. 1 Embodimenr) 



Lay©'' 


rTQIBrreu nanqc [rS) 


IV^Aro Qrofarrciri t ti\ 




TiOj (layer 3) 


0-400 A 


50-250 A 


100 A 


Si,Ny (layer 5) 


0-400 >^ 


60-250 A 


170 A 


NiCrO, (layer 7) 


5-100 A 


10-50 A 


ISA 


Ag (layer 9) 


50-250 A 


80-120 A 


105 A 


NiCrO, flayer 11) 


5-100 A 


10-50 A 


16 A 


Sn02 (layer 13) 


0-800 A 


500-850 A 


650 A 


Si^Ny (layer 1 5) 


0-800 A 


50-250 A 


170A 


NjCrO^ (layer 17) 


5-100 A 


10-50 A 


18 A 


Ag (layer 1 9) 


50-250 


fiO-120 A 


105 A 


NiCr0Jlayer21) 


5-100 A 


10-50 A 


ISA 


SnOj (layer 23) 


0-500 A 


100-300 A 


isoA 


SioN4 (layer 25) 


0-500 A 


100-300 A 


250 A 



[0044] Figure 6 iiiuslrates a low-E neai Ireaiable coaling 27 according to anolher embodiment of (hi6 in^^eniion The 
Fig 6 coating 27 is me same as (he Fig. 1 coating cfGscribod above, except thai eliher (i) dielecinc layer 2 is removed, 
or(ii) layers 3 and 5 are replaced with a single siljcon nitride layer 40. Silicon nitndo layer 40 maybe of or include SisN^ 
in certain embodiments of tr>is invention. In other embodiments, silicon nitride layer 40 may be of or include Si^Ny 
where x/ymay be from abou! 0,65 to 0 80, or allernail>/ely from about 0 76 to 1 5 in silicon rich embodiments In another 
embodiment of the particular Fig. 6 embodlmani. layer 40 may be of or inclwdc SlZrN. Nitride layer 40 is advantageous 
because if funciione to reduce haze and is preferably from about 10 to 500 A thick more preferably frorn about 200-400 
A thick. In this ombodiment. upper IR reflecting layer 19 may also be thickened by about 0 to 10 A, and/or the top 
dielectric 25 may be thickened by about 0-lO% in another aspect of the Fig 6 embodiment, silicon nitride may be 
used for layer 40 but m a manner such that the lower ponton of the layer is of or includes Si^N^. while the upper ponon 
16 of the silicon rich type silicon nitride discussed above. As with all embodiments herein, Sl-rich silicon niiride has 
improved perfomnance in reducing haze compared to S13N1. The Fig 6 embodlmeni tends to have reduced visible 
transmission (but still at least 70%) relative to the Fig. 1 embodlmeni. but may be nnore durable under certain circum- 
stances, and Pgj,|gr nnay be higher than in the Fig. 1 embodiment which is of course beneficial 
(0045] In certain exemplary embodimenie of this invention, coating/layer systems 27 according to all embodiments 
above have the following low-E characteristics before/after heat treatment (HT) when in monolithic form, as set fonh 
in Table 2: 



Table 2- 





Monolithic Before/After Heat Treatment (HT) 


Characteristic 


General 


More Preferred 


Most Preferred 




R3 (ohms/5q.)(before MT) 


<* 10 0 


<=8 0 


<=5 0 


us 


R, (ohms/sq ) (after HT) 


<= 8.0 


<=6 0 


<=4.0 




E„ (before HT) 


<-0 08 


<=^ 0.06 


n/a 




Eft (after HT) 


<= 0 07 


<= 0.05 


n/a 




Haze (after HT) 


0 40 


<=0 30 


<»0 26 



[0046J Coalings 27 according to certain exemplary embodiments of this invention (e g, Figs 1 -5) have the following 
color^ransmission/reflection/haze characteristics (e.g. preferred greyish color can be seen below) when on a clear 
soda lime silica glass substrate (e g.. tA mm thick) in laminated form with another similar clear soda lime silica glass 
substrate (e.g., in the form of a vehicle windshield with PVB or index oil between the two substrates) as shown in Fig. 
2 (1 G . on the «2 surface of (he laminate), as set fonh in Table 3 in Table 3 below, R^Y is visible reflection from the 
exterior of the vehicle as shown In Fig 2. and R^Y is visible reflection from the other side of the laminate such as from 
the vehicle interior in Fig. 2. and the a*, b" values under these respective reflection parameters also correspond to 
glass (g) side (9 g.. outside vehicle in Fig 2) and film (f) side (e.g.. vehicle interior in Fig. 2), respectively 
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TabJe 3- 

Color/Transmrssion After HT- Laminated Form 



Characteristic 


: General 


More Preferred 


T^, (111 A. 2 deg ) 


j >= 70% 


75% (Fig. 1 onlyj 


T^,^{iii C.2deg) 


! >=70% 


75% (Fig. 1 only) 


RgY{lll. A. C. 2 deg.) 


i <= 11% 


9% 


a'g (III A. C. 2") 


I -2 0 to +2 0 


■1 0 to +1.0 


t\ (IH. A. C; 2«) 


' -10 0 to +1.0 


■8 0 to -2 0 


fl^Y (III. A. C. 2 deg.) 


<= 11% 


9% 


a", (III. A. C; 2^) 


'3.0 to +1 0 


2 0 to 0.0 


b', (III. A. C. 2*) 


-5 0 to 0 0 


-4.0 to -1.0 


^solof 


>= 26% 


>- 28% 


Haze 


<= Od 


c=0 3 


''"solar 


50 % 


<« 48 % 



30 



25 



30 



Surprisingly, it has been found That layer stacks according to certaio embodiments of rhie invention are charac:eri2ed 
by rathor low visible color shifts duo to viowing angle (VA) change when viewed from the glass side of the articio (e 
g , from the exterior of the vehicle in Fig 2) For example, Table 4 below il/ustrates the low Aa*g values associated with 
laminated coated enicles of certain embodimenis of this invention when viewed from a nomial viewing angle (i.e., 
straighi on) vs a 60 degree off axis viewing angle In other words. Table 4 below illustrates that according to certain 
embodiments of this invention Aa*^ can be kept rather low even given a viewing angle (VA) shift of 60 degrees so that 
coated articles do not appear to change color to The naked eye when viewed at different angles It is noted that Ab" 
values are not deemed as imponant as i\a* values, because a' changes are typically more noticeable to the naked 
human eye than are corresponding b' changes. In certain exemplary embodiments. a"g is withrn the range of -2 0 to 
4- 2.0 both before and after the 50 degree viewing angle (VA) shift, so that a*^ remains proxmate the b' axis (i e., the 
b' axis Is '/enical blue(-)/yeilow(+). while the a" axis is horizontal green(-)/red(+)) even through this radical change In 
viewing angle thereby minimizing the appearance of color change. 



Table 4 



JO 



Color Change with 60** Viewing Angle (VA) Change 


Characteristic 


; General 


More Preferred 


Best 


RgY (normal VA) 


i <w 11% 


<= 9% 


<= 8% 


a'g (nomnal VA) 


: -2 0 to 4-2.0 


-1 0 to 4-1 .0 


-1 0 to 0 0 


RpY (60» VA) 


; <= 18% 


<= 16% 


15% 


a-g (60- VA) 


: -2.0 to i-A.O 


0.0 to +4 0 


0.0 to. 2 0 


(\a' (60** VA change) 


i <=3 0 


<=2 0 


n/a 



45 



50 



[0047] It was mentioned above that the dual silver low-E coating system of U. S Patent No 5.5S7,462 (i.e.. glass/ 
S»3N4/NiCr/Ag/NiCr/Si3N4/NiCr/Ag/NiCr/Si3N^) is not heat treaiable at least because upon heat treatment R, goes way 
up, e g , from about 3-5 to well over 1 0, and ha^e tends to set in It is currently believed that if one were to significantly 
Increase the thickness of the NiCr layers of the '462 parent m an attempt lo achieve heat treatability, this would unfor- 
tunately result in visible transmittance going down well below 70% which would of course render the coated amclee 
non-useabte in vehicle windshield applications 

f0048] However, it has sunarisingly been found that by o^tidation grading one or more of the non-crystalline contact 
layers 7. 11, 17. and/or 21, the resulting coated anicle can maintain high visible transmission. low-E characteristics 
including low R^, and good durability upon heat treatment (e.g.. tempenng, heat bending, etc.). Reference is made to 
Figs. 3(a) and 3(b) In this regard 

[0049] As shown in Fig 3(a), both contact layers 7 and 11 (and/or 17 and 21) on either side of the applicable IR 
reflecting layer 9 (and/or ^ 9) are oxidation graded so that they are less oxjdizad (mciudmg not oxidi2ed at all in some 
optional embodiments) at the IR reflecting layer (e g , Ag) interface In other words, the two contact layers on either 
side of the Ag layer 9 are progressively less oxidized ihrough their respective Thicknesses as ihey near Ag layer 9. 
Accordingly, in certain embodiments of this invention, the ponions (e.g.. 5 A thick portions) of layers 7 and 11 (or 17 
and 21 ) closest To layer 9 (or 1 9) are from about 0 to 40% oxidized, more preferably from about 0 to 20% oxidized, and 
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most preferably from about 0 to 10% oxidized Meanwhile, the portions (e g . 5 A thick portions] of layer 7 and 11 (or 
17 and 21) furthest from layer 9 (or 19) are at teasi about 50% oxidized, more preferably at least about 60% oxidized, 
ev/en more preferably at least about 75% oxidized, and most preferably at least about B5% oxidized 
[0050] Thus The contact layers become progressively less oxidized through (heir respective thicknesses as they 

s approach rhe IR reflecting layer 9.19 in cerraln emobdimenis, (his causes ihe contact layers 7 ana 11 (or 1 7 and 2 1 ) 
to be conductive or at leasi semiconduciive at the Interface with the IR refiecuog layer 9 (or 19). and substantially 
nonconductive at other parts of the layers 7 and 11 (or 17 and 21) such as in ihe 5 A thick portion funhesi from layer 
9 (or 19). Thus, when the contact layers are of or include graded NiCrO^. the x value progressively decreases through 
the thickness of the layer toward The IR reflecting layer 9, 19. This value x nnay even approach or equal zero near the 

10 immediately adjacent IR reflecting layer in certain instances 

[0051] It Ib believed that the leas oxidiZod portions o( the contact layers 7 and 11 (and/or 17 and 21) near the IR 
reflecimg layer 9 (or 1 9) intarfaco anablo tho coating 27 to withstand heat treatment (HT) and provide good adhoBion 
to layor 6, 16 However, these less (or no) oxidized portions of the contact layers are also less transparent to visible 
light than are the mora oxidized portions of the contact layers Thus, when oxtdarion graded, (a) the highly oxidized 

'3 portions of graded contact layers 7 and 11 (and/or 17 and 21) are more transparent to visible light and enab'e the 
coating 27 to rnamtam its high visible transmission characienstics while (b) the less oxidized portions of the graded 
contact layers better support the IR reflecting layer(s) 9. 19 during HT and provide good adhesion thereto, and enable 
the coating to withstand the same 

[00S21 The Figure 3(b) embodiment of this invention is similar to the Fig 3(a) embodiment, except that only one of 

20 the coniaa layers contacting an IR reflecting layer is graded. In this particular embodiment, the upper contact layer(s) 
11 , 21 is oxidation graded as discussed above, while the lower one is not and is substantially oxidized, or at least about 
50% oxidized In certain embodiments of this invention, all four non-crystalline contacl layers 7, 11 17 and 21 maybe 
oxidation graded in such a manner while in other embodiments only the upper contacl layers 1 1 and 21 may be graded. 
In still further embodiments of this invention, three of the contact layers may be graded, or alternatively only one of the 

^5 contact layers may be oxidation graded. While NTiCrO^ is a preferred matenal for graded contact layers herein, it will 
be appreciated by those skilled in the art that other materials may inscead be used (e.g., including but not limited to 
NiCrO,Ny. nickel oxide, chromium oxide, nickel-alloy oxide, etc.). and may be oxidation graded to enable a dual silver 
coating system to maintain high transmission and good [ow-E characteristics even in view of HT 
[0053] Figure 4 Illustrates how an oxidation graded contact layer 7 1 7 may be deposited on a substrate as pan of 

30 a coating according to an exemplary embodiment of this invention, using an asymmetric introduction of oxygen gas at 
a target area. Substrate 1 with part of a layer system thereon proceeds m direction 0 through the sputter coatar. 
Sputtering cathode target 51 vuithm shield 53 may compnse NiCr or any of the Nl Inclusive targets discussed above 
when the contact layer (e.g., layer 7) Is to be of or include NlCrO^. Other metallic or ceramic targets may be used when 
other materials are to be used as contact layer(s) When the substrate 1 is moving in direction D beneath Target 51 , 

35 gas is introduced around the target on two sides 57 and 59 thereof On one side 57 of target 51 , at least oxygen (e.g., 
Oj) gas (e.g. oxygen flow of about 30-60 mlj'mln. at 41 kW), and optionally a mixture of oxygen and an inert gas such 
as argon (Ar). is fed into the coating zone beneath and/or proximate the target However, on the other side 59 of target 
51 less oxygen gas la used and more of another gas such as Ar is introduced into the coating zone beneath and/or 
proximate ih© target. For purposes of example, on side 57 of the target the gas flow may comprise any of (a) 1 00% 

^ oxygen, (b) a 70/30 mixturo of oxygon/argon, (c) a 50/50 mixture of oxygen/argon (d) a 30/70 mixture ot oxygen/argon, 
or (e) a 50/25/26 mixture of oxygen/argon/nitrogen, while on the other side 59 of the target the gas flow may comprise 
any of (a) 100% argon or some other inert gas, (b) a 50/50 mixture of argon/niirogen, or (c) a 90/1 0 mixture of ergon/ 
oxygen. Thus, there is more oxygen gas flow on side 57 of the target than on the other side 59. Thus, as the substrate 
1 passes under the target 51, the first portion of l^yer 7 to be deposited is highly oxidized because of the presence of 

^5 the oxygen gas on side 57 of the target, but the latter portion of layer 7 to be deposited is much less oxid!7ed because 
of the lack of oxygen gas at the exit side 59 of the target. Thus, proximate target 51 . the substrate first passes through 
an oxygen gas enriched sputter coating area and thereafter passes through an oxygen gas depleted sputter coating 
area having less oxygen gas After layer 7 has been deposited in Fig 4. the substrate moves on so that target 60 can 
be used to sputter coat layer 9 onto the substrate over the already deposiied layers. 

50 [0054J The amounts of oxygen and/or other gas(es) can of course be adjusted to oxidation grade contact layers in 
any desired manner When it is desired to grade the contact layer(s) 11 . 21 on the upper side of the IR reflecting layer 
9. 19. the gas flow shown in Fig. 4 and described above is inverted so that the higher oxygen inclusive flow is at the 
exit side 59 of the target and the lower/no oxygen gas flow is at the entry side 57 of the target 

55 EXAMPLES 1-3 



[0055] The following three Example coated articles were made in accordance with certain embodimenis of this in- 
vention. For each of the three Examples, the coanng/layer system 27 shown in Fig. 5 was spunered onto a clear 21 
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mm thicK large soda lirne silica rioat glass subsirate 1 . and [hen cut Into ai ledsi a 3" x 3" sample A Leybold Terra-G 
siX'chamberspuner coating apparatus was used to sputter the coatings 27 onto the substrates 1 . Five cathodes were 
in each chamber, so there were a total of 30 cathode targets in the sputter coater Cathode numbering utilizes the first 
diga to refer to the coacer chamber and the second digit to refer lo the cathode position In that chamber For example. - 

5 cathode « 32 was ihe second cathode (second digit) In the third (firsi digit) spuner chamber Cathode frs C13. C14, 
C23. C62. C31 . C32, C62. C64 and C65 were Twin Mag 11 type cathodes, cathode # C42 was a dual C-Mag type 
cathode and caihode #s C44. C51 . end C53 were planar cathodes. As will be appreciated by those skilled in the an. 
the first half of a coating 27 may be deposited in a spuner coater and then the article may be again run trirough the 
coater to spuner the second half of the coating onto the substraie In the sputter coater. layers 7-1 and 1 7-21 were 

10 sputtered onto the substrate using DC power sputtering, while the other layers were sputtered onio the substrate using 
a mid-frequency AC type system Below. means AI content of approximately 10% The line speed for each Example 
was 2.6 meters per minute (m/min.). The coator/proeoes setups for the three Examples are in Table 5. All gas flows 
(e.g.. oxygen, argon, nitrogen) are presented m units of miymmuto in the below oxamplgs though not shown in the 
charts, rhe oxygen flow was turned ofl at the sides of the NiCr targgts discussed above in order to oxidation grade the 

'5 contact layers 11 and 21 as shown in Fig 3(b) (i.e . only the two contact layers 11 and 21 above the respective silver 
layers were oxidation graded in these Examples). Volts refers to cathode volts, and amps (A) refers to cathode amps 
"Tr" stands for trim and tnm (Tr) console, trim (Tr) Mid and tnm (Tr) pump are all measured in mUminute Pressure 
IS measured in mbar x 10*^. Trim gas refers to individually adjusted gas flows along the cathode length to make cor- 
rections regarding layer thickness uniformity The NiCr targets were approximately BO/20 NiCr. The process for each 
^ Example is broken into Three separate charts (I.e . Parr *s 1-3) because so much Information is presented, only the 
cathode and target data Is provided for all three chaas in each example for ease of reference. 6olh silicon mtnde layers 
6 and 15 were Si-rch through their entire thickness{es); as can be seen by the fact that much more inert argon (Ar) 
gas than nitrogen gas was used in sputtering these silicon nitride layers. 

OS Table 5. 



30 



35 



-to 



45 



50 



Coater Setup/Processes for Examples 1-3 


E)tAIUIPLE 1 


EXAIMPLE U^ (Part#1) 


Cathode 


Target 


Volts (V) 


Power (kW) 


Ar Flow (mL/min) 


Oj Flow {mUmin) 


Nj Flow 


tfl3 


Ti 


743 


73 


200 


25 


80 


tf14 


Ti 


703 


64 


200 


35 


50 


#23 


Ti 


738 


63 5 


200 


35 


50 


#42 


Si* 


456 


29 7 


225 


0 


165 


#44 


IMiCr 


370 


4.3 


150 


36 


0 


#51 


Ag 


432 


3.2 


100 


0 


0 


#53 


NICr 


386 


4.1 


150 


48 


0 


#62 


Sn 


431 • 


18 3 


200 


240 


100 


#31 


Sn 


477 


24.2 


200 


290 


100 


#32 


Sn 


428 


24.5 


200 


300 


100 


#42 


Si- 


453 


30 2 


225 


0 


165 


#44 


NjCr 


360 


4.2 


150 


38 


0 


ns^ 


Ag 


430 


32 


100 


0 


0 


#53 


MiCr 


380 


4.1 


150 


48 


0 


#62 


Sn 


442 


18 4 


200 


240 


100 


#64 


Si- 


554 


40 6 


200 


0 


200 


#65 


si- 


545 


40.3 


250 


0 


200 



EXAMPLE #1 (Part #2 continued from Part #1 abovefcath ode/target ir 


common]) 


Cathode 


Target 


Amps (A) 


Tank Voltage (V) 


Freq {kH2) 


Tnm Gas 


#13 


TI 


128 


364 


26 7 


O2 


#14 


Ti 


125 


346 


26.7 
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(continued) 



EXAMPLE #1 (Part #2 continued from Part #1 above[cath ode/tar get in common]) 








Tank Voltacae {\/) 




Trim Gafi 


we J 


t; 
1 1 


1 1 n 

1 1 0 




cO.O 






Ql* 

ol 


n/o 




Of^ 1 R 

C.a 1 □ 




itAA 








u 


Ar 


#51 


Ag 


74 


0 


0 


Ar 


itS3 


NiCr 


107 


0 


0 


Ar 


#62 


Sn 


45 


203 


25 03 


02 


#31 


Sn 


61 


224 


26.6 


0? 


#32 


Sn 


60 


225 


25.64 


O2 


#42 


sr 


n/a 


230 


26.18 


^2 


#44 


NiCr 


n.6 


0 


0 


Ar 


#51 


Ag 


7.4 


0 


0 


Ar 


#53 


NiCr 


105 


0 


0 


Af 


#62 


Sn 


42 


206 


25 1 


O2 


#64 


Si* 


93 5 


264 


26.4 


^2 


#65 


Si- 


93 5 


273 


26 2 


N2 



25 



EXAMPLE #1 (Part #3 continued from Parts #1-2 above[cathode/targat in common]) 


Cathode 


Target 


Tr Console 


Tr Mid 


Tr Pump 


Pressure 


Lambda 


Lambda active 


#13 


Ti 


7 5 


15 


75 


2.79E03 


252 


True 


#14 


Ti 


12.5 


25 


12 5 


3.03E-03 


252 


True 


»23 


Ti 


7.5 


35 


7.5 


4.B3E-02 


252 


True 


#42 


Si" 


50 


5 


45 


2.18E-03 


0 


Talsa 


l»44 


NiCr 


15 


70 


15 


2.26E-03 


0 


Faifia 


#S1 


Ag 


15 


70 


15 


1.375-03 


0 


False 


#53 


NiCr 


15 


70 


15 


2 16E03 


0 


False 


#62 


Sn 


15 


70 


15 


2.12E-03 


220 


True 


#31 


Sn 


15 


70 


15 


2.97E-M 


220 


True 


#32 


Sn 


15 


70 


15 


3.19E03 


220 


True 


#42 


Si* 


50 


5 


46 


2.52E-03 


0 


False 


#44 ■ 


NiCr 


15 


70 


15 


2.30E" 


0 


False 


#51 


Ag 


15 


70 


15 


1 .44E'03 


0 


False 


#53 


NiCr 


15 


70 


15 


2 saE-oa 


0 


False 


#62 


Sn 


15 


70 


15 


2.24E-^3 


220 


True 


#64 


Si- 


20 


60 


20 


2 8aE °^ 


0 


False 


#65 


sr 


20 


60 


20 


3 61E03 


0 


False 



so 
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EXAMPLE 2 


EXAMPLE #2 (Part #1) 


Cathode 


Target 


VollS (V) 


Power (kW) 


Ar Flow (mL/min) 


O2 Flow (mUmin) 


N2 Flow 


#13 


Ti 


729 


74 6 


200 


25 


60 


^14 


Ti 


703 


66 


200 


35 


60 


#23 


Ti 


738 


63.5 


200 


35 


50 


#42 


sr 


451 


29.7 


226 


0 


165 


#44 


NiCr 


371.5 


4.3 


150 


38 


0 
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(continuQd) 



EXAMPLE 2 



EXAMPLE #2 (Part#1) 



Cathode 


Target 


VoUs (V) 


Power (kW) 


Ar Plow (mL/min) 


Oj Plow (nnL/min) 


Nj Flow 


»S1 


Ag 


434 


0.2 


100 


0 


0 


rf53 


NiCr 


390 


4.1 


150 


48 


0 


«62 


Sn 


427 


18.4 


200 


240 


100 


tf31 


Sn 


476 


24.6 


200 


290 


100 


U32 


Sn 


427 


25.3 


200 


300 


100 




Si' 


458 


29 3 


225 


0 


165 


#44 


NiCr 


368 


4.3 


150 


38 


0 


»51 


Ag 


431 


32 


100 


0 


0 


nS2 


NtCr 


366 


4.1 


150 


^8 


0 


nS2 


Sn 


436 


184 


200 


240 


100 


#64 


sr 


552 


40 6 


200 


0 


200 


#65 


sr 


548 


40 6 


250 


0 


200 





EXAMPLE »2 (Part #2 conttnued from Part m above[cat hade/target in common]) 


Calhode 


Targel 


Amps (A) 


Tank Voliage(V) 


Freq (kHz) 


Trim Gas 


25 


#13 


Tl 


146 


364 


26 7 






#14 


T] 


125 


346 


26.7 


02 




#23 


Tl 


110 


344 


26 5 






#42 


sr 


n/a 


230 


26 18 




30 


#44 


NiCr 


11 4 


0 


0 


Ar 




#51 


Ag 


7.3 


0 


0 


Ar 




#53 


NiCr 


10.3 


0 


0 


Ar 




#62 


Sn 


46.5 


203 


25.03 


O2 




#31 


Sn 


62 


225 


25.6 


O2 




«32 


Sn 


61 


226 


25 64 


O2 




^^42 


sr 


n/a 


230 


26 18 


^2 




#44 


NiCr 


11 6 


0 


0 


At 




#51 


Ag 


74 


0 


0 


Ar 




#53 


NiCr 


10.5 


0 


0 


Ar . 




#62 


Sn 


44 


206 


25.1 


O2 




»64 


Si* 


935 


264 


26.4 


N2 




#65 


Si- 


93.5 


273 


26 2 


N2 



4S 
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EXAMPLE #2 (Part #3 continued from Parts #1-2 abovc[cathode/target in commonl) 


Cathode 


Target 


Tr Console 


TrMId 


Tr Pump 


Pressure 


Lambda 


Lambda active 


#13 


Tl 


75 


15 


7.5 


2 79E-03 


252 


True 


#14 


Tl 


12.5 


25 


12.5 


3.03E-03 


252 


True 


#23 


Ti 


75 


35 


75 


4 83E-03 


252 


True 


#42 


Si" 


50 


5 


45 


2.13E-03 


0 


False 


#44 


NiCr 


16 


70 


15 


2. 26 


0 


False 


#51 


Ag 


15 


70 


15 


1.35E-°3 


0 


False 


#53 


NICr 


15 


70 


15 


2.14E-03 


0 


False 


#62 


Sn 


15 


70 


15 


2.13E-03 


220 


True 
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(contnuGd) 



15 



EXAMPLE #2 (Part #3 continued from Parts #1-2 abovefcathode/targei In cornmon]) 


Cathode 


Target 


Tr Console 


Tr Mid 


Tr Pump 


Pressure 


Lambda 


Lambda active 


.»31 


Sn 


IS 


70 


15 


3 22E'03 


220 


True 


#32 


Sn 


16 


70 


15 


3 25E'02 


220 


True 


»42 


sr 


50 


5 


45 


2 216-03 


0 


Faise 




NiCr 


15 


70 


15 


2 26E-03 


C 


False 




Ag 


15 


70 


15 


1 


C 


False 


ns3 


NiCf 


IS 


70 


15 


2 18603 


0 


False 


»62 


Sn 


15 


70 


15 


2.15E-oi^ 


220 


True 




sr 


20 


do 


20 


2.756-03 


0 


False 


»65 


sr 


20 


60 


20 


3 35E-03 


0 


False 



20 



25 



35 



EXAMPLES 


EXAMPLE «3 (Part«1) 


Cat hods 


Target 


Volts (V) 


Power (kW) 


Ar Flow (mL/min) 


O9 Flow (mL/min) 


N2 Flow 


#13 


Ti 


743 


73 


200 


25 


80 


#14 


Ti 


703 


64 


200 


35 


50 


#23 


Ti 


738 


63 5 


200 


35 


50 


#42 


Si' 


456 


29.7 


225 


0 


165 


#44 


NiCr 


370 


4.3 


ISO 


38 


0 


#57 


Ag 


432 


3 2 


100 


0 


0 


#53 


NiCr 


386 


4 1 


150 


48 


0 


#62 


Sn 


431 


16.3 


200 


240 


100 


#31 


Sn 


481 


25.2 


200 


290 


TOO 


#32 


Sn 


439 


25 9 


200 


300 


100 


#42 


sr 


449 


30.4 


225 


0 


165 


#44 


NiCr 


364 


42 


150 


38 


0 


#51 


Ag 


427 


3,2 


100 


0 


0 


#53 


NiCr 


383 


4.0 


ISO 


46 


0 


#62 


Sn 


452 


19.5 


200 


240 


100 


#64 


sr 


553 


40.6 


200 


0 


200 


. #65 


sr 


645 


40 3 


250 


0 


200 



30 



EXAMPLE #3 (Part #2 continued from Part #1 abovejcathode/target In common]) 


Cathode 


Target 


Amps (A) 


Tank Voltage (V) 


Freq (kHz) 


Trim Gas 


#13 


Tt 


128 


364 


26.7 


O2 


#14 


Ti 


125 


346 


26 7 


O2 


#23 


Ti 


110 


3^4 


26 5 


O2 


#42 


sr 


n/a 


230 


26.16 


N, 


#44 


NiCr 


11.4 


0 


0 


Ar 


#51 


Ag 


7.4 


0 


0 


Ar 


#53 


ISJiCr 


107 


0 


0 


Af 


#62 


Sn 


45 


203 


25.03 


Oo 


#31 


Sn 


62 


226 


25.6 


O3 


#32 


Sn 


62 


229 


25.64 


O2 


#42 


sr 


n/a 


230 


26. 18 
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(continued) 



EXAMPLE #3 (Part n2 continued from Part #1 adove[cathod€/larget in common]) 


Cathode 


Target 


Amps (A) 


Tank Voltage (V) 


Freq. (kHz) 


Trim Gas 


#44 


NiCf 


11 4 


0 


0 


Ar 


#51 


Afl 


7.5 


0 


0 


Ar 


#53 


NiCr 


10.5 


0 


0 


Ar 


#62 


Sn 


d5 4 


212 


25.1 


O;. 


nsA 


Si- 


94 


264 


26.4 




#65 


Si' 


93.5 


273 


26.2 


^^2 



13 



20 
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EXAMPLE #3 (Pan continued from Parts #1-2 abovB[cathode/target in common]) 


Cathode 


Targel 


Tr Console 


Tr Mid 


Tr Pump 


Prgssura 


Lambda 


Lambda ach\/e 


»»13 


Ti 


7.5 


15 


75 


2 79E'°3 


252 


True 


#14 


Ti 


12.5 


25 


12.5 


3.03E-O3 


252 


True 


#23 


Ti 


75 


35 


75 


4 83E-^^ 


252 


True 


#42 


sr 


50 


5 


45 


2 18E-03 


0 


False 


#44 


N\Cr 


15 


70 


15 


2.26E02 


0 


False 


#51 


Ag 


15 


70 


15 


1 .37E-03 


0 


False 


#53 


NiCr 


15 


70 


15 


2 16EW 


0 


False 


«62 


Sn 


IS 


70 


15 


2.12E03 


220 


True 


#31 


Sn 


15 


70 


15 


3 01E-03 


220 


Truo 


#32 


Sn 


15 


70 


15 


3 24E-03 


220 


True 


#42 


Si' 


50 


5 


45 


2.58E03 


0 


False 


#44 


NiCr 


15 


70 


15 


2 27E-03 


0 


False 


#51 


Ag 


15 


70 


15 


1 41E-W 


0 


False 


nS3 


NiCr 


15 


70 


15 


2 37E'03 


0 


False 


#62 


Sn 


15 


70 


15 


2 26E 03 


220 


True 


#64 


sr 


20 


60 


20 


2.90E-O3 


0 


False 


#65 


Si- 


20 


60 


20 


3 e9£-03 


0 


Falsa 



[0056] After coatings 27 of Examples 1 -3 were sputtered onto respective substrates 1 in accordance with the above, 
mey were teaied/measured as follows In Table 6 (i.e., in a monolithic state) Heat treatment was pertonrted by placing 
tne coated ariiciee into a rurnace heated to about 625 degrees C for about five (5) minutes. 

Tabic 6 



45 



so 



Exa. 1-3, Monolithic Before/After Heat Treatment [HI] 


Characteristic 


Example 1 


Example 2 


Example 3 


r^^^._ III A 2«> (before HT); 




> = 70% 


>=70% 


T^,g: III A 2« (atter HT). 


>=7B% 


>=78% 


>=78% 


(ohms/sq.)(bero''e HT): 


4.43 


4 37 


4 27 


(ohms/sq.)(aner HT). 


3.46 


3.33 


3 44 


(betorG HT) 


<=0 06 


<=0.06 


<=0.06 


En (after HT); 


^=0 05 


<=0 05 


<=0 05 


Haze (after HT): 


0.15 


0.28 


0.22 



[0057] Thereafter the monohrhic heat treated coated articiss of Examples 1-3 were each lamnaied :c another cor- 
55 responding clear 2.1 mm thick 3 inch by 3 inch soda lime sihca float glass substrate 1 . with a layer of PVB (aiDour 0 8 
mm thick) being located between the substrates in a known manner, and coating 27 provided on the #2 surface as 
shown in Fig. 2 The resulting laminated coated articles (see Fig 2) were then tested/measured and were found to 
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exhibit the following charactensucs set forth m Table 7 In Table 7, the glass (G) side is the same as outside the vehicle 
in Fig 2. while the film (F) side I8 the same as the vehicle interior in Fig 2 



15 



20 



25 



36 



30 



Table 7 



Color of Exa. 1-3 in Laminated Form Post-HT (I.e., as in Fig. 2) 


Value/Measurement 


Example 1 


Example 2 


Example 3 


III C. 2* 








Transmission (TV or T^^^) %: 


75.37 


75 32 


74 68 


aV- 


-2 92 


-3 17 


-2 25 


" T 


3 87 


4 39 


4.07 


Reflectance as viewed from glass (G) side* i^-'^) 


7.93 


8 02 


8.22 


* G 


0.53 


0 93 


029 


0 G 


-5 23 


-7 10 


-5.64 


Reflectance as viewed from film/coating (F) side RpY (%) 


7.83 


7.85 


B 11 




-1 59 


-1.23 


•1 68 


b> 


-2 75 


-3.74 


-2.73 


III. D65 2° 








Transmission (TY or T^,,) %' 


75.69 


76 34 


74.71 




-2 81 


-3.05 


-2 16 




3 85 


4 35 


4.07 


Reflectance as viewed from 








glass (G) side. RqY (%). 


7 93 


8.03 


8.22 




0.26 


0.57 


-0.01 




-5.17 


-7 03 


-5.58 


Reflectance as viewed from fiim/coating (F) side: RpY (%). 


7.84 


7.85 


8.12 




-1.79 


-1.48 


-1 BB 




•2.71 


-3.69 


-2.69 


III A 2^ 








Transmission {T\ or T^,) % • 


75.27 


75 23 


74.78 




-1 95 


-2 05 


-1 37 




3.28 


3.74 


3 68 


III C 10' 










75.16 


75,08 


74 91 




-2.39 


•2,59 


-2.78 




J. 9 J 


4 45 


4 02 


Reflectance as viewed from glass (G) side RqY {%): 


8 01 


8.14 


8 31 




0.11 


0 28 


-0.15 


b-G 


-5 21 


'7.03 


-5 60 


Reflectance as viewed from filnrVcoating (F) side RpY (%) 


7 87 


7.90 


8.16 




♦1 54 


-1 30 


-1.62 


b>: 


^2.79 


-3 78 


-2 77 


III D65. 10« 








Transmission {Tf or J^^) %• 


75.19 


75.12 


74 92 


^> 


-2.29 


-2.49 


-2 66 


b'T 


3 92 


4 45 


3.99 


Reflectance as viewed from 








glass (G) side RgY (%). 


a 01 


8.14 


8 31 




•0 09 


0 01 


-0.37 


b-c: 


5.20 


•7.02 


•5.58 
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Table 7 (continued) 



Color of Exs, 1-3 in Laminated Form Post-HT (i.e.. a6 in 


Pig 2) 






lit. A 2' 








III. D65 10« 








Reflectance as viewed from 








fjinn/coattng (F) side RpY (%)• 


7 86 




8.16 


a>. 


"1.69 


•1 49 


•1.78 




2.77 


-3 76 


-2 75 


III A 10- 








Transmission {Ti or T^^g] %. 


75 20 


75.15 


74 85 




.1 d1 


• 1 63 


-1.75 




3 34 


3 98 


4.02 



Moreover, each of Examples 1-3 was found lo be chemically and mechanically durable as these terms are defined 
below, both before and afier HT. 

[0058) As can be seen above, in depositing each of the silicon nitride layers, more Ar gas than N gas was used in 
the aputTenng process In the Examples the ratio Ar/N as about 225/1 66 (or 1 .36) as can be seen above In prefgrred 
embodlmcnis of Ihte invoniion the ratio Ar/Nf i& from about 1 15 co 3 0. more preferably from about 1 20 to 2.0, and 
moat preferably from about 1 .2 lo 1 5 This ratio which uses more of an inert gas {c g , Ar) than nitrogen in sputtering 
the silicon nitride layers enables the resulting silicon nitnde layers to be Si-nch as discussed above. 
[0059] Table 8 below compares, for the HT laminate of Example 1 . viewing charaaeristics at a normal viev^ing angle 
(VA) versus at a 60- off axis VA (i.e., the 60" VA ic fiO degrees from the normal V/A) As can be seen. Example 1 is 
characterized by substantial cofor stability over this wide range of viewing angles so ihai a viewer looking at the 
laminate of Example 1 at both a normal VA (i e . straight on so that the tine or site is perpendicular to the plane of the 
article) and a 60° VA would not notice much If any color change This Is due to rhe low reflective Aa* value from the 
glass (G) side {i.e.. Aa" means the difference between a^ at the normal VA and the 60° off -axis VA) Note the sixty 
degree color is |)|. 065, 10 degree standard observer. 



Table 8 



as 


Color Change with 60" Viewing Angle (VA) Change (Ex. 1) 


Characterisdc 


Ex. 1 (Normal VA) 


Ex. 1 (60- off-axis VA) 






75.27% 


n/a 






•2.2 


n/a 






42 


n/a 


aO 


"^solor- 


46.75% 






^•olar 


30 15 


36 11 






7 8% 


14.56% 






-0.23 


1.6 






•S 59 


-1 33 


45 


iie'g(60«VA change). 


1.83 


same 




AL'g (60' V/A change)' 


11 4 


same 



[0060] AS can be seen above In Table 8. iia*g(60" VA change) reflective in accordance with cenain embodiments of 
this invention Is preferably no greater than 3.0, and more preferably no greater than 2 0. in Table 8. ii was 1 83 More- 
over. Tg^,^ is preferably no greater than 50% in ceriain embodiments of this invention, even more preferably no greater 
than 46%, and most preferably no greater man about 47%. 

[0061] Certain embodiments of this Invention after heat trealmenl and lamination are characcerized as follows re- 
garding glass (G) side retleaive color. 
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Table 9 



5 



Parameter 


Normal VA 


60° off-axis VA 


a" 
b- 


-2 0 to +2 0 
-1.0 to -12 0 


-2 0 lo 3.0 
0 10 -9 0 



[0062] Certain tenms are prevalently used in the glass coating art. panlculariy when defining the properties and solar 
management characTerisIics of coaled glass. Such Terms are used herein m accordance with their well known meaning 

10 For example as used herein 

[0063] Iniensliy of reflected visible wavelength light, i e "rofiectance" is dofined by its pGrcentage and is reporied as 
R,Y or (i.©, ih© Y value caed below m ASTM E-308^85), wherein "X" is either "G" for glass side or "F" for film side. 
"Glass side" (e g "G") means, as viewed from the side of the glass substrate opposite that on which the coating resides, 
while 'film side" (i e "F") means, as viewed from the side of the glass substrate on which the coating resides 

15 [0064] Color charaaeristics are measured and raportad harem using the CIE LAB 1 976 a' b' coordinates and seals 
(i.e. the CIE 1976 a'b' diagram. 111. dE-C 2 degree observer), wherein- 

L" is (Cie 1976) lightness units 
a* Is (CIE 1976) red-green units 
so b' IS (CIE 1 976) yellow-blue units 

[0065] Other similar coordinates may be equlvalenlly used such as by the subscript "h" ro signify the conventional 
use of the Hunter method (or units) HI. C. 10* observer, or the CIE LUV u'V coordinates These scales are defined 
herein according to ASTM D-2244-93 "Standard Test Method for Calculation of Color Differences From Insirumenrally 
55 Measured Color Coordinates" 9/15/93 as augmented by ASTM E-308-95. Annual Book of ASTM Standards. Vol. 06.01 
"Standard Method for Computing the Colors of Objects by 10 Using the CIE System" and/or as reported m lES LIGHT- 
ING HAMOSOOK 1981 Reference Volume 

[0066] The terms "emissivity" (or omittance) and "transmlrtance" are well understood in The an and are used herein 
according lo iheir well known meaning Thus, for example, the term "iransmittance" herein means solar transmittance, 

30 Which IS made up of visible light transmittance (TY of T«,,). infrared energy transmittance {T,p), and ultraviolet light 
transmittance (T^J Total solar energy iransminance (TS or T,^,^,) can be charaaerized as a weighted average of 
these other values With respect to these iransmlnances. visible transmittance may be characranzed for architectural 
purposes by the standard iilummant C. 2 degree iccrinique. while visible transmittance may be characteriied for au- 
tomotive purposes by the standard III A 2 degree technique (lor these lechniques, see for example ASTM E-308'95. 

35 incorporated herein by reference) For purposes of emIssMty a particular infrared range (I.e. 2.500 • AO, 000 nm) te 
employed. Various standards for calculating/measuring any and/or all of the above parameters may be found in the 
aforesaid provisional application upon which pnonty is claimed herein. 

[0067] The term Rj^i^, refers to total solar energy roflocianco (glees sido horcm). and is a woightod average of IR 
reflBCiance, visible refleaance. end UV reflectance. This term may be calculated in accordance with the known DIN 
JO 410 and ISO 13837 (12/08) Table 1. p. 22 for automotive applications, and the known ASHRAE 142 standard for 
architectural applications both of which are incorporated herein by reference. 

[0068] "Haze" Is defined as follows. Light diffused in many direcnons causes a loss m contrast. The term "haze" is 
defined herein ;n accordance with ASTM D 1003 which defines h^7.e as that percentage of light which In passing 
through deviates from the incident beam greater than 2 5 degrees on the average. "Haze" may be measured herein 
45 by a Byk Gardner haze meter (all haze values herein are measured by such a haze meter and are unitiess) 

[0069] "Emjssivity" (or emmance) (E) is a measure, or characteristic of both absorption and reflectance of light at 
given wavelengths, it is usually represented by the formula. 



E ^ 1 - Reflectance*.^ 

50 

[0070] For architectural purposes, emissivity values become quite important in the so-called "mid-range", sometimes 
also called the *far range" of the infrared spectrum, I.e. about 2.500 • 40 000 nm., for example, as specified by the 
WINDOW 4 1 program. LBL-35298 (1994) by Lawrence Berkeley Laboratories, as referenced below. The term "emis- 
55 siviTy" as used herein, is thus used to refer to emissivity values measured m this infrared range as specified by aSTm 
Standard E 1585-93 entitled "Standard Test Method tor Measuring and Calculating Eminance of Architectural Flat 
Glass Products Using Radiometric Measurements". This Standard, and its provisions, are incorporated herein by ref- 
erence. In this Standard, emissivity is reported as hemispherical emissivity (£„) and normal emissivity (£p) 
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[0071] The acrual accumulaiion of date for measurement of such amissivity values is conventional and may be done 
by using, for example a Beckman Model 4260 specirophotometer with "VW" attachment (Beckman Scisntific Insr. 
Corp ). This specirophoiomeier measures reflectance versus wavelength, and from this emissivity iS calculated using 
the aforesaid A STM Standard 1585-93 

3 [0072] Another term employed herein Is "sheet resistance" Sheet resistance (R^) is a well known term m the arx and 
is used herein in accordance wiih iis well known meaning, li is here reported in ohms per square units. Generally 
speaking, this term refers to the resistance in ohms for any square of a layer system on a glass Subsirate lo an elsciric 
current passed through the layer system. Sheet resistance is an indication of how well the layer or layer system is 
reflecting infrared energy, and is thus often used along with emissivity as a mea&une of this characieristic. "Sheet 

1^ resistance" may for example be conveniently measured by using a 4-point probe ohmmeter. such as a dispensable 
4'poim resistivity probe with a Magnouon Instruments Corp head. Model M-BOO produced by Signatone Corp of Santa 
Clara California. 

[0073] "Chemical durability" or "chemically durable" i6 used herein eynonymousiy with the term of art "chemically 
resistant" or "chemical stebility\ Chemical durability is determined by boiling a 2"x 5" sample of .a coaled glass substrate 
'5 in about 500 cc of 5% hCI for 5 minutes (i.e- at about 220" F) The sample Is deemed co pass This lest (and thus the 
layer system is "chemically resistant" or is deemed to be "chemically durable" or to have "chemical durability") herein 
if at least half of the sannple's layer system remains after the 5 minutes. 

[0074] "Mechanical durabilillry" as used herein is defined by the following tests. The test uses a Pacific Scientific 
Abrasion Tester (or equivalent) wherein a 2" x 4" x 1' nyfon brush (e.g.. as made by Wright Bernet of Frankljn Park. 
20 Illinois. Model 12B0 Hand & Nail Brush) is cyclically passed over the layer system in 500 cycles employing 150 gm of 
weight, appiied to a 6" x 1 7" sample In this test, if no substantial noticeable scratches appear when viewed with the 
naked eye under visible ligh[, the test is deemed passed, and the article is said to be "mechanically durable" or to 
have "mechanical durability". 

[0075] The terms "heat treatment" and "heat treating" as used herein mean heating the aaicfe to a temperature 

sutticieni to enabling thermal tempanng, bending or heat strengthening of the glass inclusive aaicie This definition 
includes, for example, heating a coated article to a tomperature of at least about 1 1 00 degrees F (e.g.. to a Temperature 
of from about 550 degrees C to 900 degrees C) tor a sufficient period to enable tempering 
[0076] In the following further preferred embodiments of the Invention are disclosed* 

•30 A. A coaled article comprising: 

a coating provided on a glass substrate, said coating comprising from the g/ass substrate outwardly 

a) at least one dislearjc layer; 

b) a first contact layer that is a( least pamaily oxidised. 

c) a first IR reflecting layer comprising Ag 

d) a second contaa layer that is at least partially oxidized, said first IR reflecting layer contacting each Of 
said first and second contact layers. 

e) at least one additional dielectric layer 

^0 f) a third contact layer that ie at least partially oxidized; 

g) S second IR reflecting layer comprising Ag; 

h) a fourth contact layer that is at least partially oxidized, said second IR reflecting layer contacting each 
of said third and fourth contact layers; 

i) at least one additional dielectric layer. 

as 

wherein after being heat treated (NT) and laminated said coated anicle has a visible transmittance of at least about 
70% a y^oiar greater than about 50%. an R„,o, of at least 26%. and a sheet resistance (R,) of no greator than 
8.0 ohms/sq; and 

wherein at least two of said first, second, third and tourrh contact layers comprise at least Ni or a Ni alloy 

50 

B The coated article of A, wherein said (a) at least one dielectric layer compnses silicon nitride Si^N^ 
C. The coated article of B. wherein said silicon nitride Si^N^ is Si-rich so that x/y is from 0.76 lo 1 5 
S5 D. The coated article of C. wherein said sjlicon nitride Sij^Ny is Sl-rich so that xJy is from 0.85 to 1 2 

E The coaled article of A, wherein said ai least iv/o coniacl layers comprise NiCrO,. 
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F. The coaied article of E. wherein said ai least two coniacl layers comprising NICrO, are each oxidation graded 
so that a first portion of each of said at least two layers close lo an adjacent IR reflecting layar is less oxidiz'ed than 
a second portion of said layer that is further from said IR reflecting layer ihan said first portion. 

s G . A coaled article comprising' 

a coaling provided on a glass substrate, said coating comprising. 

a) at leas: ons dielectric layer; 
tO b) a first contact layer. 

c) a first IR reflecting layer; 

d) a second contact layer said first IR reflecting layor contacting each of said first and second contact 
layers; 

e) at least ono dielsctric layer, 
f$ i) a third contact layer. 

g) a second IR reflecting layar 

h) a founh coniacr layer said second IR reflecting layer contacting each of said third and fourth contact 
layers. 

i) at least one dieleclnc layer. 

Wherein after being heat treated (NT) said coaled article has a visible transmittance of ar least 70%» a Tg^m^ no 
greater than 50%, an f^^^^ of at least 26%, and a sheet resistance (RJ o! no greater than 8.0 ohnns/sq: and 
wherein said a) at least one dielectric layer comprises Si-rlch Si,Ny where x/y is from 0 76 to i 5 

' 25 H The coated article of G. wherein x/y is from 0 85 to 1 .2. 

I . The coaled article of H, wherein said coated article has a haze value of no greater than 0 40 after heat treatment 

J. The coated article of I. wherein eaid silicon nitride inclusive layer has a dielectric constant *'n" of at least 2.0S 

30 

K. The coaled anicle of J. whorem said silicon nttrlae inclusive layer has a dielectric constant "n" of at least 2.07. 

L. The coaled article of G. wherein at least two of saio nrsi, second, third and fourth contact layers comprise Nl or 
a Nl alloy. 

35 

M. The coaled article of L. wherein said at least two of said first, second, third and fourth contact layer comprifie 
NiCrO^ 

N. The coated article of M, wherein said at least two contact layers comprising NiCrO^ are each oxidation graded 
JO 30 that a first portion of each of said at least two layers closo to an adjacent IR reflecting layer is loss oxidized than 

a second portion of said layer that is further from said IR reflecting layer than said first portion 

O. A coaled article compnsing: 

45 a coating provided on a glass substrate, said coating comprising from the glass substrate outwardly: 

a) at least one diQlectric layer comprising silicon nitride; 

b) a first contact layer comprising Ni or a Ml alloy at least partially oxidized, 

c) a first IR reflecting layer compnsmg Ag. 

50 d) a second contact layer comprising Ni or a Ni alloy at least partially oxidized, 

e) at least one additional dieleanc layer; 

t) a third contact layer comprising Ni or a Nl alloy at least partially oxidized; 

g) a second IR .-ariecting layer compnsmg Ag. 

h) a fourth contact layer compnsing Ni or a Ni alloy at lease partially oxidized; 
55 i) ai least one additional dielectnc layer 

wherein after being heat treated (HT) said coated article has a visible transmittance of at least 70*54. a T^^,,^^ no 
greater than 50%, an R.^,^ of at least 26%, and a sheet resistance (R») of no greater than B.O ohms/sq. 
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P The coaled article of 0. wherein after being laminated and heat rreated said coated article has a visible trans- 
minance of at least 707o. a T,oigr no greater than 50%, an Rgoiar of at least 26%. and a sheet resistance (R,) of no 
greater than B 0 ohms/sq. 

a - Q. The coated aalcle of O wherein afrer being laminated and heat treated, said coated article has a visible trans- 
nniUance of ai least 75% a T,^,^, no greater than 48%. and a sheet resistance (RJ of no greater than 6.0 ohms/sq 

R. The coatee/ anicie of O. wherein each of said contact layers conaprise NiCrO^. 

10 S. The coated article of 0. wherein said a) at least one dielectric layer comprises said layer of stiicon nnnde and 

a layer a titanium dioxide, whcrcm said titanium dioxido is locatod betvuecn said layer of silicon nitride and said 
substrate. 

T. The coated article of O. wheroin said fiiiicon nithde comprises a Si-nch St^N^ where x/y is from 0.76 to 1.5. 

IS 

u The coated article of O. wherein said e) ai least one additional dielectric layer comprises silicon mtnde 
V A coated article comprising: 
20 a coating provided on a glass substrate, said coating comprising from the glass substrate outwardly: 

a) at least one dielectric layer; 

b) a first contact layer; 

c) a first IR refieciing layer comprising Ag; 

^5 d) a second contact layer, said first IR reflecting layer contacting each of said first and second contact 

layers; 

e) ai least one dielectric layer 
t) a third contact layer; 

g) a second IR reflecting layer comprising Ag 
30 h) a fourxh contact layer, said second IR refieciing layer contacting each of said third and fourth contact 

Jayers. 

i) at least one dielectric layer; 

wherein after being heat treated (HT) and laminated In the form of a vehicle windshield said coated article has a 
3S Visible transmittance of at least 70% a Tg^i^, no greater than 50%. an R,^,^ of at least 26%. a sheet resistance 

(R,) of no greater than 8 0 ohms/sq, and e glass side reflective color coordinate value a'3 (normal viewing angle) 
In the range of from -2.0 to •^2.0, and 

wherein said glass side reflective color coordinate value a'^ does not change by more than 3 0 upon a 60^ change 
in viewing angle (Va) from normal 

40 

w The coated article of V. funher characterized after lamination and heat treatment by: 



Characteristic 


Value Range 


RgY (normal VA) 


11% 


RgY(60- VA) 


<= 1B% 


a'e {60' VA) 


•2.0 to +2 0 


^z* (eo^VA change) 


<*2 0. 



SO X The coated anicie of W. wherein after heat treatment and lamination said coated article has a reflective glass 

side b* value of from -1 0 to -12 0. 

Y. The coaled article of X, wherein after heat treatment and lamination said coated article has a reflective glass 
side b' value of from -2.0 to -9.5. 

S3 

Z. The coated article of W, wherein after heat treatment and lamination the coated article is characterized as follows 
regarding glass (G) side reflection color: 
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Parameter 


Normal VA 


60" off-axis VA 


a" 
b- 


-2 0 to +2 0 
.1 0 to -12.0 


-2 0 to ^2.0 
0 Co -9.0 



AA A coating suppori by a substrate, the coaling comprising fronn the substrate outwardly. 

a first silicon nitride layer, 
10 a firsr NiCrO^ layer 

a first Ag layer. 

a second NfCrO^ layer; 

a first dielectric layer; 

a second silicon nitride Si^N^ layer; 
IS a rhird NICrO, layer; 

a second Ag layer; 

afounhNiCrO, layer; 

a second distectric layer and 

20 Wherein after heat treatment the coated article has a visible transmission of at least 70% and a sheet resist- 

ance of no greater than 8 0 ohms/square 

B8 The coating of AA. wherein at least said second and fourth NlCrO^ layers are oxidation graded and become 
progressively more oxidized through thickness away from the corresponding immediaiely adjacent IR /'eflect:ng 
25 layer 

CC The coating of AA. wherein al least one of said first and second silicon nttrfde Si^N^ layers is Si-rich so that 
x/y Is from 0.76 to 1.5 

30 DO The coating of CC, wherein at loasr one of said Tirsl and second silicon niinde Si^Ny layers is Si-rlch so that 

x/y is from about 0 85 to 1 2. 

EE The coating of AA, further comprising a titanium dioxide layer located between the substrate and the first 
silicon nitride SI^Ny layer 

35 

[0077] Once given the above dIsclOBurc many other features, modificationfi and improvements will become apparent 
to the skilled artisan For example, and without limitation, the aforoeaid oxidation graded conraci layers(fi) ar^d Si-nch 
Silicon nttnde layer(s) can be used with single silver layer stacks as well as the Illustrated dual silver layer stacks Such 
other features, modifications and improvements are therefore considered to be part of this invention, the scope of 
JO which is to be determined by the following claims: 



Claims 

js 1 . A coated article comprising 

a layer system supported by a glass substrate, the layer system comprising from the substrate outwardly 
a Si-rlch silicon nitride Si^Ny layer where x/y is from 0.76 to 1 .5 in at least part of the layer 

so 

a first contact layer; and 



an IR reflecting layer. 

ss 2. The coated article of claim 1 . wherem x/y is from o 85 to i 2 In the enure layer, 

3. The coated article of claim i wnerein the Si-rlch silicon nitride Si^N^ layer has a dielectric constant "n" of at least 
about 2 05 and an extinction coefficient "k" of ai least about 0 001 
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4. The coaled article ol claim 3. wherein the Si-nch silicon nitride Sij,Ny layer has a dielectric constant "n" of at least 
about 2 08 and an exiinctlon coerficlenT "k" of at least about 0 003 

5. The coaled article of claim 1 . wherein (he layer system further comprises at least a titanium dioxide layer located 
s between said substrate and said Si -rich silicon nitride Stjti^ layer 

6. The coated drticle of claim l wherem said first contact layer comprises WCrO^ and said IR reflecting layer com- 
prises Ag. 

10 7. The coated article of claim 6 further compnstng a second contact layer comprising NiCrO„ over said I R reflecting 
layer, and at least a dicieclric (dyer over the second contact layer 

8. The coated amcle of claim 1 . further comprising another Si-nch silicon nitride Si^Ny layer where t/y is from 0 76 
to 1 S positioned over said IP reflecting layer, wherein at leasi one layer ic provided between said another Si-rich 
silicon nitride Si^Ny layer and said IR reflecting layer 

9. The coated article of daim 8, fuaher conoprising another IR reflecting layer provided over said another Si-rich" 
silicon nitride Si^^Ny layer 

20 10. A method of making a coated article, the method comprising 

providing a substrate; 

spunering a Sl-rlch silicon nitride SI^N^ layer where x/y is from O 76 to 1 5 in ar least part of the layer, over 
25 the substrate by using a SI Inclusive target and more of an men gas than nitrogen gas proximate the target; 

sputtering an IR reflecting layer over the Si-rich silicon nitride layer; and 

wherein a ratio of the inert gas to the nitrogen gas proximate the target is in the range of from 1 .1 S to 3 0 

The method of claim to. wherein the men gas comprises argon (Ar), and wherein the ratio of Ar gas to nitrogen 
gas proximate the target la from about i .20 to 2.0. 

12. The method of claim 10 wherein the Inert gas comprises argon (Ar). and wherein the ratio or Ar gas to nitrogen 
55 gas proximate the target is from about 1 .20 to 1 .50. 



30 

11. 
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